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"rate, mere et tcllus, et quogd tegit canla cselun,
Unuz oraet toto fisturze wulius in obe,

Quen divere chaos) rudis indlgestague moles;

Hoe quidguam, niecld pondus dnersi congectsgue eolen

lon beae Juactermm dizeordia senming mrxm.

Thus vrote Ovid meny eenturies. ogoj mnd present-dey theories
exe tending {o the idem that 1ife evolved in the murky dust cleu&
of the yprinitive coguos.

Tha cup

sorimental epprocch to the guestion of the origin of life

is the culninsiion of the nsturslistic movemsnt vhich beogon vith the
*:aias&.nca and re&us'seé At hedght in the middle of the last contury

Vi’ o tihe Dexwinian thecry of evolution. The idea of the biclogicsl

v,v?‘ty of everything living, and the evolullon of the hiphor forms of

e 14iTe Lfrom the lower - on iécm which coused @ revoli emong tho lamnnists

of the ninstecnth cendbury « 1s toda,\r the comerstone of modarn bislesye
If thlp concept of evolutlon is miched o its logienl conclusion,

ancther form of evolution hms to be pc:s tulated, priox to bisloplieal

'cv:»lut"un nomely, cuemicsl evolution.

itk greut insipght the pb:,’sicict, Tyndall, wrote in 1871 4 his
"Froguents of Selenece for Unsclestifie People”s "Derwin ploced ot
the root of 1ife a primordiel germ, from which he coscelved thot the

remadng richuese and voriety of the 1ife now upon the corih's surlace
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might be deduceds. IF this hypothesis were trume, it would not be finnle
The Imen ifveginution would iafallibly look bohind the germ snd, how-
ever hopeless the attonpt, would enguire into the history of its ,
£one38 seee A dozire immedistely arises to comsect the prosent 1ife
of our plonet with the paste Ve wish to know sézue*thﬁng of our roumotead
NCCHETTY weere Doy life belong to viat vwe call motter or f8 4t an

Independent prinsiple inserted into matter st some suiteble cpoch,

when the plysical conditicme bocome such as to pormit of the development

Cur aifficulty is not with the quality of the problem tut with

1t couploiitye "The evolution movement,” wrote Dergzoon, ™would be

o sizpls cue, ond we should soon be cble to deterwine its directicon

if 1ife Ial doserdbed a ginzle course like that of 2 s0lid tall chot

Irea & coannese  Dut 1Y proceeds rother 1ike & sbell, vwhick suddenly

Cbursts dnto fimpments, which frapments, being thomecelves glzlls, burst

in $heir tuwra into frapmentes, deglined to buret ecaln, end so on for

'Y

a tins incommonouwrsbly longe Ve pereolve oaly wiast is noszest 19 us,

namely the sontiored movenonts of the pulverized explosionz. From
then ve lwve o go bacek, stoge by stnge, to the oxipisal w ?c;mn"c."a
Lven 1tz formlotion of this rroblew 12 perkaps beyond the roock

of any one seicntist, for guch & sclentist would Lave to be at the
sa:m' tioe & cougctent methouaticlan, a physicdst, and exporicenced
oreeale clhonict. Do s‘.suln hove o very extensive keowledge of

ce0lesy, cooplysics, and gecclealstry and, besides all ihis, be

!
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alzelutely et hose in @l blologlesl disefplines, Sooser or later,
this task would hove 40 be piven to sroupe remresenting el these
feenitice and working élosely together thecreticnlly s voll as
experizzntallys  Such was the view profesced by Peynal 4n 191;9.3
Hovever, today ve bove roooon €0 be move opbimictic. For the Firet
$ime Iz huaan ?aictar&, the geiences which nrose as geporets dlsciplines
tre soem Duisd tcge_‘;her, and this view siretches from the Lopginning
to the end of selentific enleovamr.

Ia e first mm of chzniced evolution, the primneval cloud of
Iydrogen o by a egerice of reactions - dmplosion, fusion, ond fission -
gave zice Lo the cloweats of the pexicdie ta’::le; Thls evont probebly
took place 20 PilJon years eoos  About 15 DIXldom yenrs loter, vhen
the polor oyctom ves being formed, the hichly renctive eletents pro-
Lebly existed in their reduced form - methane, emmonin, ond voters
When the pluset eseth vas bedng born from the prizitive dust cloud,
%5 billion years 2o, the rudincatary molecules which wore the foree
runnsre of the complex biclogical polymers of 2 biliion yoers loter
were pormre elrendy in exdigbence. .

In tife gekone of things, life 4a oaly & speeinl ond vory
coeplicetzd form of the moticn of matiers I3 &vose a8 o new pwoperty
of pmetior which 1t hed not poscesscd eaxlier, end which only cecwrTed
at a porticulor perdod in the exisiznee of oupr plazxét exd rosulted

from its owdlerly developmente Tihe origin of 1ifce ws not an
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gocurrence ascerided to sase definite ploce aund time}” wrote Morgulis,
14 tos o crodusl procoes cperabing upon the sorth over on incons
eelverly long sven of time, o protess of unfolding which consumed
porheps more millisns of yearg then wes yoguired for the cvolution
of Bll th2 tpceiss of living things.” A long chealesl cvolubion was

rhoses of this evelutlonnry process could be postuleted; Snorgonie,
prgenle chemistyy, and bicloglenl chemistrys

Life, ticn, uny be considered to be an Inevitable process and
ound to eppoay i;l the cozmos wheysver eanditions are favornbleos

Sorpling of rrlexy population to the lmit sttalnable by present
20

telescopst, shovn that there ere more than 10 ctars in the univerce.
© 1dke cur ova sun coch ome of these stors een provide the encrzy for

plant £2d aainal life. Tho fzetors become dhundently clesr:y that
there is nothivng wilgque cdout owr sun which is the meinztoy of 1ife
cn this plonet, and that there are mwre thon 102 0 opportwdties for
tha exdcioace of Ufe. If we sdopb & mrocess of rostricidon oad
cupposer  that Lacouse of doublng, clustering, secondayy colliclong,

ctee, only ore gior in @ thousend bhas o plonelayy syston, tkat only

onp b of & thoussnd of those stays with systems of ploncis bag
one or aove plausie ob the rigit disthnce from the star fo provide
the wotor ead wovicth thet yrobtoplesa requires, thot of those sloxs
enly ose owh of o thowsond hos @ plenet lorpe ensugh to hold an

!
shnmsrecrs, $hot the suilobls elemienl copositicn for 1ife to ardse
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ocours taly once in & thousand {ioes, mém gtar in 1312 moeta the

Ll o 8
negesoary »ipgid requirenentd. Dven go, there zxe 10 planciery

pystome ouitedle Do Lifee Buch wes Hoxrlow Shopley's couscavative

eatimata? Eirz-Ehu Busng, Immrer; bes Imposed less rigid regulree

ments end hap eet the upper lnit of sters thet sctunlly owpport life
63 5%, Late, 1013 starsé

- Thls ¢omelusion vhich sstrononers kove roesbhed by tl&.‘h»rigowa
annlysis m’." azieanonical evidence wns already prophetisally descyibed
by the Ttelian, Glordans Dmmo, in the 36tk centwry: "Eky, universe,
all-colirocing othor, end Inmsngweble spoce alive with moverent seces
8il thess ore of ooe nature. Ta spoce there oxe countless constelle
ationg, cung, ond planetsy we gee only the ouns because tloy pive
" . Mgkt the ploosts repnin dnvisitle, for they ere amcll end dovk.
Thers pre £la0 wsherlocss earibs clreling sround thelr sunz, no worce

ae icon dnbabifted Lthon this globe of owrss For no xoozomnkle
mind eon ascume thet hesvenly bodies whieh may be for mere mnpuificent
then curs would not bece upon then creatures sinilar or cvea s;:‘perior
to those upon ows mren Barth."

The grarch fov exlraterresiriel life is the prine poal of spoce
Liglezye The rosmulbt of guch s dicoovery oy have an effcet on hudn
thinking Zor move profound than the Doxwindsn op Coperniean revolutiong.
If owr colliso Anko zpoee alm:.ld in .‘I;hn neor futvre demonztrcte tiat
Mertlon 1ife fp a ronlity and iis origin dndopondent of life on carth,
& cartointy, we cnnnot cocope the concluaion that there is nothing |

i
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wndique shout the oripin of life on ecyth ond theat the Interplay of
cozuie furscs and sebler would heve given rize to sinilar z«:qmuce
of cvents ig the cowtloss muber of plenctary systems in the
eRlversse |

unile thxs 48 & distinet posefbility of owe £inding on answer
to the guostion of the eﬁ,.ctmcg of Uife in owr owm rlanetary system
by aa inopoction of the plancts with cur imediete ar remte sensors,
the only wey by vhich W ean anover he questions for syolovs cutside

car plancts is by making radlo conmtact with othor civilizaticag in

‘euler spoees  "There 18 one roce of men; ooe race of godsy both lmve

| breath of 14fe from & oingle rothers  Dub sundered pover holds us

diviced, oo that one 1z nothing, while for thro other the brazen sky

1s estrblished thelr sure citedel Povever® wrobe Pindor 4n the sixth

»

Hemeon, Qe ‘
Bovever, we heve the possibility of en experizental approach to
the problome Az the lowm of chemtotry and plyoiee are watversal, the
retracing of the stages by viieh life sypeared on corth would givey
strong support €0 the theoxy of its exdctenca elsewlere in the
wuiverces  Laboreiory experiments om eoxih can yeveal which meterdnls
ead conditicss sveilshle in the usiverre might give rice 4o the
bozie chanfenl eoponcnts of living ayatem - mueledc aoids and
wotclns. Raporinents moy oven reveal how the trensitiocn froam
chemlicals to the grﬁmlimaa of Mving mycions my. bive talon place.

e
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e ides of 1ife arising from nome~life, o the thocey of
epontencous pencretion, hod beon sccepted for sonbwrics. One hod
culy 1o accepk the evilenca of the penmes, thought the enciontss
warng fvom mad, mugeote from decaying meet, nnﬁ'mice froa old linen.
The tnelent Bayytiens belleved in ihdse Beeell “Arthony snd Cleopatre®
#rt IX, Seont VII wheow Iepidus tells Mook Anthony, "Your serpent cf
Ezypt 15 hred revee MOV OF mmd'hy the operation of your oun -
ao 1o your crocodila®. Sristolle kad taught the ceme doctrine a

his Motaptysies. Newton, Harvey, Descartes, von Islsont, 81i sccopted
this vithout serious cuestion. Even the Pnglish Jeouit, Joha Tuberville

Heedlhom, could pubsexrdbe to this view, fop Conenis telic not that Cod
erceied plovts and endznls diredily Tut thmt be bode the corth and

" smtors 4o tring them forths “And God sndd Yet the ecrth bring forth
- gresa, e bavd yleld seed sod the fruit tree yiclding fruite eseees

Iet £he wters hring forth shindantly the moving creciure thot dath
1382 seess™ |

Fogbonr's ricorous cxporiventatism oublewed thé theory of
gpontancoun generatdon, whdceh woa bhased on im‘:..z.\'petcnt cugervation
&nd the villingnees to accept the suporflcelnl ovidance of the genses.
f%a story of Touwls Pasteur is often 012 to tegtaning atulents in
blology a5 & trivcph of resson over nystfefom. But todoy we beve
evidones Tor tho conbrooy. The resconebhle view mey be 4o believe in
gpontoneons goneration thowh In & restricted and 8 logieal conse.
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Mleammummmswmimmmwb
conditicus for the origin of life. In & letter £o & fricnd he vrote =

© "Rub 4f {end oh bt & big 421) « ve eould comesive 4n some wewm

Mitle pond, with ell sovte of smanis and phospharic salts, light,
homt, edectricity, ‘etc. mesont thet & protein compound wos chemically
forued Teady to waferes St412 mare complex cbangeg,™ Dervin's ova
thinking aould perhaps be trmeed to the Influence of his rondfatler
Eresas Darvin W mre $hem alf & cestiury carlier hod weitten tint
“allwgmtahlmmdmmmdﬂmwmmmdmmm
the eovllest micvoccople mmes formed by spontzmeons vitelity.™ Tiis
was too cutrageons & declaration for the conscrvative thlnking of
Dervia's comtexpirariess At the height of the comtroversy over the
origin of the species, 1ittle or po stientiom wvas pald to the remote

- fuection of the origin of 1ife.

Tie greet fvpetus, however, to the experimentel study of the origin
of 1ife Lopon with the Pussisn blochemist, Oporin. Alvesdy in 1924
& mrelininry bocklet ws pdlished by him 14 Russian polnbing out thet
Yeess thore wos no Himfiomertal dAffevonce Yotveen a Living copandes
end lifeless mabiers The complex cosbination of mondfestetions

Wsme@mﬁwﬁﬂicwmmmmmmthem .
of the evoiwtion of msttere” Thirteen yemrs lster, he published his

_m“mzm&mnorme"gmmmmtm@3edmm

&l 1o the clansie on the subject.
Jecording to Oparin, WAL first theore were the zlmple solubions of

PN : .
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their eooponent stons and the wrongement of those altms in the zolow
culse structwre. Tt groduelly as @ recult of growth end increased

complonity ofmmmsmmm”mm into teling and
& naw colloidalschenieonl opder ws ivposad uwpom the oo simple

| orgsnie cleudonl relaticnse Thome nowor Eroperiiss were c’.etemtned

by the zpetisd mrangemeal and sutusl welationohip of the moleculos.
Bren tids coafigmeation of arpente matter was st311 dnsufficient to
give rire %o wimay Mving things. Yor this, ihe colloidel systoems

in the process of thelr evolutiom had 19 zequire properties of & gtidd -

highey ordor, vhich vould permit the atteloment of the next and more

sdvensed phase An the wrgamizziion of mutter. In thin procees biological
orderliness siresdy coueg dubo prominence. Competitive speed of growtl,
strugsle for axistence snd, finally, natwrad eelection detormined such

& form of mtoriel orpouization vhbich is cliwectertstie of living

thigs of the present time.® |
W&M#W&Wmm&e&mmﬁmw

conditions euitcbie for the emurgenny of tervestrial 11€er® "mow,

tben wWitre~vinlet Light acts oo & nixture of saler, carbon dicxide,

- ond tmuonda, 4 vest vardety of crgande substences oxe made, including

susrrs, and appsrently aome of the materials from wideh jsoteins axe
Tullt uD ensees Before the arizin of 1ifo they mmet bhove socumlsted
$111 the orimitive oceana yeschod the osustituency of hot 2ilute soud.

Todzy en ovpnaiss must trust £ luck, ekill, or sirongth to cdiadn ite
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fooda msmmsmxmefmmwnmcmmmm ;

quantitice, and hod no conpetitors in the struggle for existence. 4s
the prinitive atoosphore comtained 1dttle o oo oxygen, they mist Inve
cutained the encrgy they needed for growth by some process otber than
oxiZation = in foct, by fermemation. Fov, &8 Fectowr pub it, fermente
a:bioniswaﬁthaa#.mgeno | -
%mtymmthcaworm&m‘smeranm
mmam,a.mmammewwmmwzm

before the Bx-itich Puysical, Society in & leciuxe mﬁtled "The Fhysical

Basie c»fmfe‘"' *Condensations and dehydrogenstions oxe bound 4o lesd
to increcsingly unsaturated substances, and ultimstely to simple snd

_ posaidbly even to condensed ring structures, almost certainly contalning
nitmgan,auchasth&minidﬂneémms. ‘The gppetronee of such

molecnles makes posaidle still fiuxrther syntheses. The primery 4iff4-

culty, hovever, utimgmiwwmammtmmiatheem

dilution of the system 17 3% s eupposed to take place in the free
tecan. The concentration of products is am obaolute nscessity for
any further evoluticn. One method of concentration womld of course
mymmmm@'mmamm“mm@dm
mhmmnes,mﬁbymmmﬂmmmn‘dm.m&
vave that proluce them todey. It bas ccowrred to me, however, thet
» mach move fevoureble condition for ecmoentration, snd one which
magt certainly have taken place on & wvexy Jarge scale, ig thet of
ebsorption in Pine clay deposits, murine and fresh vaters Our recent
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Xnowledge of the structures of clays has shown vhet en enormous role
they still play in Mving processos. Thore s probebly today mare
nﬂmmtm,mtwmm,mmmnmmmemm
swmamtm@aemmmwumwmm;nwm
been shovn that arganle chemicals of & vide veriety nre preferentislly
sbscrbed on such surfeces in & regular waye It 48 therefore certain |

- that the primary photochendical products would be so sbsorbed, and

further posefbly degtructive transformationse In this wey relatively
large concentrations of molecules ccald be formed.”

Joeng the firet experiments designed to test some of the theories
cfthecriaindﬂfemthosedﬁalvﬁmﬂhismsmiamm,m

- 1951, ixradicted water snd carbon dicxide and chtained significant

11 o
vields of forualdehyde end formic acid. In 1953, Stanlcy Miller, then

-8 graduste student in Borold Urey's Iébom&m', nsae;nbled a sazple of

the assuzed yrisaevel terresirial atmogphere, consisting of methone,
prmonde, veler vﬁw, end hydrogen, &nd exposed it to an electric
: )
dischorge, similating Mghining. Amino ecids and other arganic com-
12

- pounds found in living systeus were formods

Since thig clessicel experiment several investigators have entered

this £ield. Mhm%mm-mwmoﬁd#mm

3 ,
University, aad John Gro of the Unlversity of Houston. The majority
of Tublicctions have dealt with the fometion of amino aclds and the
4 .
micleic acid eonstituénta, frow & wide variety of conditions which myy
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be considored preblologieal. Fox's vork hes centered around the
arigin of proteins. ammwmmmw@mwm
sbapes Proteincids have besa obtained by the thermnl polymerization
of thoe 18 amino acidge Mmmma'nwtmmw
o form nicrospheres hoving dianeters in a bocterial ranges Starting
with ezmontum cymaide, Gro hes synthesized Adenins znd & mumber of
blochemical intermedimtes of purines. -

In our own leboretory, v have initisted & yrogram of resesrch
using the voricus forms of energy which were known to have sxisted
1n the printtive eorihs The constitusnts of the etuosphere of the
Frizordial earth, are being exposed to ultraviolet light, electric
diselerges, lonizing redisticn and Bewts Tesals colls supply the

+Mgitning, geraicidal tubes the ultraviclet light, the elcctron beam

of the lincar accelerster st the University of Celifornis, Perkeley,
gives us cur B particless The reactisn products ere belng annlyzed
far emino seids, purines, pyrimidines, otc. An attempt is being made |
to polymerize these single wnits to mroduce the large molecules similnr
to tho replicating systems ve know todoye. |
mmnuwmom»mmwmmme .
Stasting with the prinitive etuospheres, ve have been sble to synthesizo
peversl constituents of the melote 8cid moleculs - the purines,
edenice end guanine, the sugars riboee and deoxyribose, the muclecside
&denosine snd the muclectide aderylie acid. Thier siniler possible
prizitive earth conditions, elenceipe triphosphote ATP appears to be

< &

3.
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forped in amcxm.e yielde Published results from several lebormtories

time demonstrate thet the firet end second etages of chemical evolution,
mw,mmmmcmm,mumtummmrmn
the labaretorys ‘

Ve ave optimistic thet the path of chemical evolution will be
outlined in the lzhoratory. The blochendcal knowledge thet bas been
exesed vithin & few years bes given us & deep insight into some of
nzbm'awstaemtmem. withthieunamtmnstohelpm,
thethemﬁe&toso&wwmblmwmmm Eatmmaeny
the immensity of the pwospect for any man's philosophic position or
sirink from its pursuit on secomnt of the d1fffeulty of the task.

Over 500 ycers ago, Copernicus in De Revolutionfbus Orbium

- Cozlestivm reversed the scientifie thinking of his timo about mex's
'pmxntmpmmmm A lamdred years ago, Dorvin's theory
_ af evolution destroyed sgewold boliefs of the uniquencss of men by

mmgmmmfmtmm. Today, wmgrmmlylemina
t#accept the Oparin.Haldane hypothesis that life 1s only a specisl
and complicated property of matter and that eu ford there s no
difference betwvesn & Mving crganien and 1ifeless matter.

To conelude with Eaxdov Shapley: “The newv discoveries and

-cevelqmnts contribute to the wnfolding of & magnificent universe}

sassseness With our confrercs on distant planets; uithmn-;tellow
enimels ond plants of lsnd, air, and wes; with the rocks and wvaters
of all planetery crusts, nd the photons and gtons thet make up the
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stars — vith a1l these we &ro assocleted in an exiztence end sn
mﬁi@ ssnesensee M“ mpingﬁzﬂasapmomd sclentists ’
e exe tharkful for the mysteries thet still 1ie beyond our gresp.”
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